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Before~ thA yars cvt s at HTRL woare askcing the
question "Is Ut not posoiblo, by methods akin to those of tele-
vision, to man a supproonio fieltd in tnynclwonism vdith the sean-
ni-ag or a cathaiuo-ray tubts, ianI to precant on the Cathode-ray
tube a pictturo of ThoIx eco-t11itdts o.f tho tupecsonio field?" Tbhe
answer is MZ6" V. -hc c vboclyn'A'nt of2 the methiod is the Sector
Scan Indicator (Sal).

IPTh cjs't1 b..:1 by tlrinis not apprcauevsd In
Sol becaus'. of' th lon 'w ~et i~ s ound, difficulties

nn -L 30'itl Lt ;i64~pfr f'ocus(C"Ond utAfly
other rqa-e;- 1 U WANT '~ of onopcrrnLion ou the part of the
stubject, f ~ x .. A Zt-?ix pictura Mhich at
lzast ra Ar 230 r n7' K' s1 CrnVat'- W layc anxd at besat
rasolvM'to 3 jrli vP A n cia raiatn objeat separatod
In 4 5lflO.'C............:01

T'his pn A M; 1 "T 30 fuctoau, prozvyte soma of
V~,ra4j usc.; tv "00 A& Wuvt Includes photographs
a-ddata WY.a
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I. FORM OF WESETATION AND AUMh)A.IENTAL ThEORY

A. Form of Preic)ntation

1. •The Sector Scan Indicator (S31) is a device for present-
Ing, on the screen of a cathode-ray tube, a picture of the re-
fleoting objects in the field of a supersonic projeotor. Such
objeots are displayed as a series of short, bright, horizontal-
line segments., with vertical deflection from the bottom propor-
ticmal to rangb, and with horizontR.l deflection from a vertical
center line proportional to angular deviation from the axis of
the sound beax.

2. Figure 1-a represents the dispihy or an echo at three-
fourths nmxIrum range and at 2G to the right of the projeator
axis. The extent in range corresponds to echo-length.

Fiur 1--o Fiur 1-b

_. mii "
Since yr.cp noise is cctn~,the bright line segments reour

from ths bottom o16 the sczteýan to the top as in Figure 1-b. The
indicagticri shows bering rat9 as vcll as instantaneous bearing.
The time required for the vorti1al w°eep in Figure 1-b is four
zacorzs and the bs-aringt hV:nge e 40, This is a bearing rate of
1 deo2ree per secoond ropr'. ;nted by the travers., of one horizontal
sr.ce during the vert-ical zv-eop tins. A slowvor vertical sweep
permits reading luwer bearŽ-g ir- tees nore accurately. One space
duri.ng a verti•cal wrsep ray be rnde to represent li lsec.) or
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4. Tho u"e of. tir &-sctor Senn Indicator in a verticael
plAne is, also Peatible. The ca~thode-ny-tube display is rotated
through 90'080 tso range- is s~iinm horizantally, and depreasioin
above 6r bzolox the bsara vertic'AlY. Figure 2 shous 8. sigal
arriving from 20 hflor i te ati-e of ':he boasta an iniciation that
the projector shotild be tilW4:. downvst.rd 20 in order to osnter
the imp,. It wi'ý,I- ba ap~r-reunt itnt a- ti~ltable projector is
necessary in order to utili ze 551L int This form to its fullest
advantage.

5. Tl-k diorý::L. i.rtii n !),a1oCq1 di~~~ca Tru~to V a! diie-or -t
ratxg~ i iiustrt -u'2 ty b1-io )fz~otrx aC~ctltrxi photcgxemhs

of' Usi dI~p~y iiiz Kt,ro

FIG. 3* FIG. 3b



At 3-s~4 echoes trorai a briti,;. are d isplayed,, three brightened
spota representing echoes from three different piers. The in..
diottion in the foreground Is reverberation. At 3-b. there are
displAyed three ships, 1.n aircrafit, carrier, a heavy cruiser, and
a light oruiser, lying att archor in iJ1impton, Roads. 'The distinct-
ness of' etch oeho Is worth noting. The angular aepration is'
shown very definitely.

B. Fundam~ntal Theory

6. SSI roquircia the W30 -of a projector split. electrically
along the vertt-:cfal dtamtor (or &;plit along the horizonial
dia-nater for nue in EL vertiJ.cal piano). When a noise or echo
is directed alc,{C tlle, bean axis~of the projector, the two lalves
off the projector should re-spond alike. If, however, the sigruzl
is displcacd to th3 rvig'ht of the beam axide, it reaches Lthe right
half' of the nxrojýctor bi;Cnrzo it roacohes the left hlaf, giving
rise to a phase lwa-d in Ume right-halkf respo~n,,-e a-head of h
left-h-alf respunse. '221 uses t~his phase -difference 'In the twfo
Inl1ven of tile g-ojeotoit to prctuoe an indicat.ion of the devia-
tlon of the courco or reflaotoz to the righ rtote)eto
the beam axis. o otel to

7. In t~he S$I Ca~yon the scroon of a oathode-gray tube,
the Zoscr:21~ ia r-carnma1 rapJdly from laft to right in a succosesloa
Ole horilzo;nt 1 JA-tneC-, %hdi norý3s lowly Promi bottom to top in suich
a cný)Mnr t1hat tino c.xo-ý-ssvo horizontal 2inos are displs.ced up-
ward, fo1-aubga.craot ae~rtuh £ran'g. in this toctA-np;uazr

£v~i, ~c~rjtcr2. i~ ~:tof a. briGhtonmd spot corredsponda to
the rango of ?k wz; roa xihioh an cc-ho !f, recviived . This cur-
r-sziopondonos iz! k,1'.&Lv& bl stfirttinr Vio oacan at the bottom of
th!e seraon at tl-e iwtcmint a alggil is tnriteby vaking -the
vertical aswep ½er and. by ia ing the ocho to brighten * the
spot on the sor-,& PAt t.hc til-ie o? itLs rcscption.. Thus, Since
dispolacfmtznt- ;Vi'o-va ttt of the scre'aiz) and the range of' the
reflecting, el :ctfro both ioroa to the time boti'reen the

trflflernM~l'r f' ttw ti& 10-:-3 etq f' aln echo, they ar-e
proportlLt-nl t-: r~ci o.er.

-Lr- *t l iap frciu th~e ce-nter reprecents angular
dis~acwn~ J v efleU:43ob-ýx,,Jt from the beam axle of the

projoot.or. "'jrll-l -ca oalt O53it)ilo' the n-r-thod of pro-

*L0 this report th term. soo; rihxinand lik3. pbrasss"to brighten
thea spot" refor tos the Prorcizotiai of' a brighlt Bp~ot or a cucoe-rsion of
bright line seg,-.nts on a comaplete~ly decrk backg-round. The phraseology
I-as historical s.I.-ni~ficanos and is cn'nat

SEERE?



ducing ProportiontL horivonitd, deflocticm. is relegated to Appen-
dix A of this repoi-t, a gesneral ides, of' this method may be ob.
wained froma the fo&.lowing description: The sigmle picked up on
the twio halves of f- split projector (described In pargraph 8)
are fed into saareg~to amnpliflyin, ohannela. 1n -these channe~ls the
phase of one of the signalsa is continuously advanoed relative to
that or the other1 3600--in each horizontal swoep across the o-r
tub~e. There rezaulc tnatants of phase cooincidence once each sweeps
which occur at posz..t5Lone in the sweep depending upon the original
relative phase of tha )booming signals, and which are nade to
produce spot brigntsninir, on the scoreai of the! cathode-ray tube.

94 SS1 thus farl has been fio-ueito one of three select-
able trectuencieis Thu jarohlen" ltvoIV~(inC 1- p'oduc rin tuning
throaugholxt aL wide LtnýYd considsrably ex.icu-!*d In dii'fieu-lty -the
same problemas Lauc r500ivor-smnplilfior. flovonvor, they appear not
to bcr insurxriountable a and a d isccuýziion of ino Lhod 3a I given in. A p-
pond ix A.



II StFA OF ESI DIN A/S WIARFAIIB

A. Uses with S rcigtFr ojeo tor

10. in the atteck, there- is probably no other typo of beam
so effective as the trainable a-nd tiltable searchlight beam in
mrintaining contact with the target and in playing a part in
providing infornmtion concerning the location of the tFrget for
transmisscaio to ot-her related equipwnt. The use of one SSI to
indicate atinutbal cenitering to the "train"l operator and of another
SSI to indiocate depression centering to the "tilt" operatorg, en-
ables these tvo operators to work independently so long as each
performs his fux~otion properly. Tests described in Appendix Ii
h-ave domonstratcd that a team compnosed of two operators can =in-
tain contact with the target in spite of ivhlatover r-aneuvers it
nay execute.

11. The1 oCuvrolos for two operat-ors may be vary simiple, as
illstrated in, Figure 4-s where the two consoles are shapm side

GAI I

EE r'~S60

Figure Al

by side. The "1ti-in" ocaprtor sit's hcor3 the console Sb!OWf at
the loft. TIAotx5.to dial shcsmur hLim t boaring, deviat'ion of
any target; which i& plckv-d up, the fir.6r-r-ti p traint control en-
ables him to kc-e-p the; Ltaa:zcntw- e-n tho cathode-ray tube,
wehila the Gain tcontirol CiNables h~ii to adjust the ISSI ggain for

optim4~.ý coeas int1 t g. a isý asaicted in identifying
echowes by tahe, uatza:l a~dfl~bl reprodbuctio~n. The controls of the

rooewe amtliLsr hoc: d beý rit-n 1LS- rý-c~ch P.itiough a-djusted
prefer~ably by Mh-o operato-:r viP the rarxr,3 recorder When the latter
is at bn'rc s-'tion. At t~fioo, oo'.chingV of a train orerauor by the
recorder opDraqt-cr and vicle verza may prove helpful.

SECRET



12. The tilt operator takes his station only after a contact
has been established. At the start of the attack no -tilt should
be required but as the range is closed, and particularly in run-
ning just ahead of or over the target, the projector will lave to
be tilted to raintairn contact. The tilt operator functions only
in controlling the ti it and in adjusting the gain of the tilt 881
for optimum contrast in the image.

13. The information obtained by the train operator includes the
aspect of the target, while the tilt operator should be able to
determine the depth of the target sufficiently soon in the attack.
These problems are so important that sections .I-D and II-F tre
devoted entirely to them.

14. The ultinate design (if there is any ultimate) of sonar
equipment for the attack must indlude an attack director. The
logical culmination of development is a combination of an attack
director and S8I closely interdependent. The SSI, for its part,
may be an important factor in obtaining precise preliminary infor-
ration for feeding the attack director. This information nay in-
clude target bearing, target bearing rate. range8 range rate,
target aspect, and target depth. Subsequently, after the problem
bas been autoratically set up in the attack director from sonar
infornation fed to it, the attack director may feed into the pro-
jector incremental bearing and depression, as derived from a
problem generator, thereby taking over and carrying out automatically
the training and tilting of the projector. The train operator may
then use any further indication of bearing deviation to correct the
training of the projector, thereby correcting the problem setup
automatically, while hho tilt operator may use the indication of
depression deviation to correct the projector depression and thereby
the problem setup.

16. Obtaining rang;3 and range rate with dSI involves the use of
a range gate controlled incrementally by the range generator of
the attack director. This gate permuits a relatively short extent
of normal range, say :rom 600 yards to 1000 yards, to be selected
and expanded to till the whole screen (see Figure 5). If the
generated range is correct, its control of the gate keeps the tar-
get vertically aentered on the screen. If the echo starts to
drift off center vertically, the operator superimposes a correc-
tion in the generated range, which in turn tends to correct the

SECRET
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Figure 5-a Figure 6-b
Nornal Range Scan Expanded Range Scan

generated range rate. Figure 5-a se•ows the display obiained
from an echo received fron a target at about 800 yards range,
the whole display corering from zero to 1.200 yards range. A'
certain section of this range from 600 yards to 1000 yards,
as indicated by the rectanglE' superimposed over the display is
to be selected by thin rangs gate and expanded to fill the whole
screen as shown in Figure 5-b where 603 yards• is the range at
the bottom of the screon, 1000 yards is the range at the top, and
the range of 800 yarzs which is the ginerated range comes on
center. In this case the center of the echo is slightly above
center indicating thnt the generatcd range is too short. There-
fore the operator should insert an adjustment which brings the
spot to center (so thAt the scale now represents .65 yards to

/fl yards and the center line SE5 yards) by directly correcting
the generated range. Further discussion of this type of display
will be given in Section D under Aspect Indication.

B. Use with Sword

16. The Sword is a projector which produces a fan-shaped beam,
broad in azimuth, but extremely slarp in depression angle. The
azimuth beam width elinimiates th3 necessit-y for training the
Sword, and tilting only is recuired. The sharpness of the angle
in the vertical plane pormits determination of the depression
with extreme accuracy. In this determinration 861 may play an

SECRET
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important role. In tener1l the deflection sensitivity of 831 is
inversely proportioral to the beam width in the planM to which it
in applied. When used with the Sword, full scale deflection should
represent about two degrees and the deflection sensitivity near
center nay be further enhanced, if desired, by the method of phase
difference expansion described in II-G. Thus, if stabilizing rear
of sufficlent accuracy is available, and if the direction from
which echoes return is not subject to fluctuations which introduce
oomparatively large errors, rreat accuracy is to be anticipated
with this combination. A factor which adversely affects the opera-
tion of 831 is the presence of echoes returning by paths other
than direct. Such extraneous Jaths are most likely to be provided
"tn a plane vertical with the direct lath. Therefore, if the recep-
tion angle in this plane can be kept narrov the undesired inter-
ference is more likely to be eliminated.

17. An additional projector must be used with the Sword in
order to permit the determiration of atimuth. Such a projector
could be, for eample, another Sword rotated through 900 to give
a fan-shaped beam narrow in azimuth. Another oombiration which
has favorable possibilities is the use of the Sword with QE Scan-
ning Sonar. In either contbirtion, the SSI affords a sensitive
indication of bearing deviation.

C. Use with QHI Scanning Sonar

18. The QH rear gives a presenlAtion. on a cathode-ray tube
which is a plan position indication, "PPI". •While this type of
presentation has the odvantaae of covering all directions simul-
taneously, there is >ecs detail than is given by the SSI, which covers
only a s&rll sector. The QH indicates a target as occupying a
whole beam width, which so far has been about 150 or greater. SSI
gives an indic Lion occupying not over 20 of beam width unless the
target subtends a larrcr ar4le. ihen obtaining an indication of a
target at short range with Q11, the an~ular sensitivity is poor be-
cause the radial distance froa the center Is small; consequently
angular displacement does not produce much linear displacement. The
normrl type of presenlation of SSl gives as good argular sensitivity
at short range as at long. Finally, the SSI registers 400 times
per second during the reception of an echo, whereas the QH registers
only 30 times per second. While tho QH is giving one line the SSI
gives 13. Consequently the SS1 is intrinsically better able to indi-
oatt aspeot as discussed in Section Il-D. under "Aspect Indication".
The advantages of SSI over QH in accuracy and detail are enumerated in
order to justify the ¶tse of the former with the latter, each supple-
menting the other. In search, a QH would be expected to be the more
effective. In attack, the SBI should give more inforuation and greater
accuracy, and it should function better with an attack director.

SECRET
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19. The QW gear is normilly provided with a listening channel
directed in azimuth to cover a desired sector, and this liutening
channel is of great assistance in identifying suspected echoes be-
cause echo quality becomes observablo in it. The Saj may be
directed into the sam sector and trained in the same mnner an the
receiver channel. Thus whenever an indication on the QH Is suspected
of being an echo, corroboraticn mny be obairnable by directing the
receiving channel and the SSI into the sector from which the sus-
pected echo arrivos. If an attack follows, the SSI may prove of
prinary importance.

D. Aspect DIdication

20. Since SSI is a proportional deflection device, a succession
of echoes froma dirferent directions and ranges register indepen-
dently and in their correct angular positions and ranges provided
that the outgoing signal is Ghort enough so that the successive
echoes do not suffer much overlap. For example, in Figure 6-a, a
sound beam is shovwn in relation to a shore line. The shaded portion

Figure 6-a Figure 6-b
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of the beam represents the extension in range of a signal 10
milliseconds long. This False is travelling tcnrd the shore-
line'and will shortly reach that portion of the shoreline at the

riGht of the bean. Vhatever reflection is obtained from this

portion of the shoreline will be the first reflection to be re-

ceived and will regis~er on the SSI display at the extreme right
of the screen. Therenfter reflootions will be received from

different angular pos Ltions progressing io the left and in every

case the correct angular position will be show- in the SSI display.

Consequently a displaj similar to Figure 6-b will be obtained.

This type of display .-ay be termed aspect indication.

21. Another ranife.station of aspect indication occurs in echoes

from w, akes. Figure 74., is a reproduction of a photograph of an

SSI display in the wa :e of a surface vessel. The scattered line

FIG, 7a FIG. 7b

aegnmnts at the botto a of the Figure are reverberations. (The

direction from which These are received is, of course, indicated.)
A short distance aboiv the reverberations the wnFke echo isy be

seon extending frroa I ift to right as the ranr.e increa seas. This

clearly shfows that th-i nearest apprrach of the track of the ship

which produced the ta-.e is at ½Ua left of the zcoreen. At the top

of the display is sho'a propeller noise received fromr the ship

which Droduced the This prop noise sh :ws in the display only
at long range, becru& : thi operation of tlin variable gain reduces

the receiving sensitivity to all signals at the instant of trans-
mission and gradially restores this s'ensitivity, thereby permitting
response to relativel:' strong wako echoes at short range while the

sensitivity is still .oo low to respornd GO prop noise, but also
permitting ros onse t', prop nois-.e aL a later ti;;e when greater sea-

sitivity has been restor-ed. The prcsenct of nrcp noise at a parti-

cular angle identifie: the anpfulhr position of the ship. It Mmy

SECRET
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be deduced from this Jphotograph that the ship is movirn toMrd
the right, and that te ranre is opening, Figure 7-b is a photo-
graph of another wake left by a ship progressing from right to
left and opening its range.

22. More recently the sarýie sort of aspect indication has been
obtained from a eub,•ea-rged sunmnrine under conditions where no
wake echo was received. Figure 8 illustrates echoes from an
elongated submierged trgot. In 8-a, the nearer portion of the

I K-I

Figmre 8- FLor U--iu-O -C Figure 8-ia

iTh-rret istaavard the oft. Iii j'bal-arts of the tarvet a~re
a ene. is "-c the nearer part of the target is

toward the right, and in 8-cl, thte suaccessi.vo echceo all come
from the sante direotiun-, whirch fac-t ulearly nidicates -that the
a;-is off the taraetl- is -Ilongý the s-mund bsa~u. Sone idea of' the
su~opo of SSI in indic' iYn acoct- may 1o gained from Figures
6, 71, anid 8ý. Loi dlrtoyision of thic applica tion will be con-
s iderd.

25. In order for tia rjet to 3G sihoca in -i's aspect, which
can readily be tasurt , it e ts e.ssential that ToVhe rtical and
hoarizontal cabigts of sLa8dcob th',)I- esie saweo, Whe meaning af this
sirnthesaent its •nod.D c2oar b aicteation of F-.:igra 9. At 9-a,
t6here is hond a. La oitCl boaa withn f ,rh.et in itn. The extension
in order arg tK. ret to b Y4h,. txe extertsion inrnan-'e of this t-arg.nt is reprecsfloctd by4E h xer ini
width Is representt~:d 1-wyd-,. It is essential tbat the sa- pro-
nort.i n.s t obtained on• -Lho scr,:cn of the eth'xo-r-ay tube as
exist in the sound field. For th,- nonr.l SLI z-can the require-
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igure 9-a Figure 9--b

ment is Pulfillet! 1? Lhc width o? the scan is to the diu~tr~nce of
the ia-ge from the t:ottorn of' tVi reataiz as the width of the,
sound beam at thuw rl-ne R is to4. th1at nanil-y, ReernL:o igr
9--a and 9-b, thisý rnthqa.tica.X relatiounship IU

This, reattionship jt;r readily satisfied by adjusting the vertical
&.rA siznv vars.0  t an, W, fixe1-Fd onc,3 and ;Vor all. The ratee
of swc3pi-*ng vertically can be adjusj'ezI by a control knob until- the
iriage szýwvs at a di:ne fvoia the bottom of the scroen, as
nzidi'cateed by a refe,-ienc i-srkr, ti.erqby c-iyi eqiaJ.on (1).

24. Asouw-nin thali; the conxinof' n-aragrVaph 25 has been satis-
f ied 9 and tbat ti 'e1 rue a src t a ppare s0on the s creen, a r-ieans f or
traxntsnitt-iiic d;ii>- iii~or.w~ia;Acz-- is illustr_ ~ed in F igure 10. Here
&Pagat, the :raeiantatiort 4. sL; In addition, the a-ngle between
the n'rojector beark._ry: and the cursea of' t-lie subn-arine is indicato~d
by the symibol "N". A t'slzetd 5 .zJ on wbich are engraved a.
nur&Lter of' -iarall,1! vertical kne.xs is riCAcod ovar the display. ThisL
may be rotated b~y ruans. of ea knob to theli 90&itlon illuastrated, in

which- the, lines are ritre.liel to t~he dirnCrdocn of -the trace. Tkhis
roation is the akugte whiich b.3 I added to the direction in whioh

the projector is 1;rt 1ined to rive thn course of the target. The
operation of' add 14itic ;my Le accompl-ished autoia~ticaliy by having
a differential sync.-ro ,Oneraltar gaeared to the cursor In one-to-one
ratio, and by foeedixi~r inoit clectricalit:. the true bearing of' the

projector. Its out.:,ut oPi A.Rrg-et c011f58 win be tlransmitt6ed to in-
dicantars an-ywhere i:' the ha In crdnr to transmit this inferms-
tion correctly the ound m,,erator raut. nitain twoa adjustments,



00 /

0)0
Figure 10

namely vertical ,.weep rate for positioning the inage vertically, for
which adjustraent the second knob in Figure 10 is provided, and cursor
rotation for ali;;nimsnt with the imfgeb

2.5. The indication when r-asuring aspect by the method described
in the preeoding jaragraphs suffers from the f16t that the width of
the scan has to be out down to very asrll proportions relative to the
length. This difficulty zay be overcome by depioting on the screen
only a relatively short extension in range ltarting at, say 200 yards
less range than the target and ending 200 yards beymod the target.
The type of sweep which is required, then, is a sweep which starts at
some tine after he signal is sent out. The displacement of the spot
vertically olottrd against range is shovw in Figure 11. With this

T ,I

li~ __4 , ,,__l /' -• ..

Fifure 11
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type of sweep the relation which has to be satisfied is

z (2)
w it

in which I and w are respectively the vertical and horizontal
dimensions of the SSI frare8 9 is the angular width of the mound
beam which is scanned by SSI, R is the range which is to be centered
in the image, R, and R2 are the ranges corresponding to the bottom

and top of thi Latge. In order that this relationship be satis-
fied for all ranges with I and w fixed, it is necessary that Ra-Ri

R
be constant. Thbst is, the extent of range must be proportional to
range, or the rate of sweeping vertically from the bottom to the
top of the screen of the cathode-ray tube must be inversely propor-
tional to range. Consequently, the electronic means provided for
producing this sweep must increase the speed of swaeep at shorter
ranges as shown 4 n Figure 11 by the dotted line for shorter range.

26. It has previously been mentioned (paragraph 15) that a dis-
play somewhat like the one just described may receive its position-
Ing in range from an attvck director, except for adjustments to be
added by the sound operator, whioh adjustx.onts auto.mrtically correct
the gonerated :range rate. The two functions nay be combifted and the
same display which servos for correcting range rate may be used to
show aspect. aNote in Figure 5, page 11, how the spreading out of
the vertical scale brings out the true aspect of the target.

-7. The true uector scan deserves ma.ntioning under the heading
of aspect indication. A true sector scan is one which is shaped
like the sound field and represents all objects in the field in
their correct repaive positions. This type of display therefore
thows true aspect.. It is a crow6ed t-ype of display for ranges far
short of the naxImum ranjo depcted, and for this reason is not
so well adapted to uses such as firo control where a high degree
of accuracy is required. However, it does lave possibilities,
particularly in navigation. In the soction on navigation this
method of display will be given further attention.

E. Use with ASAP

28. The AntiSubmarine Attack Plotter (ASAP) is a device which
shows a true navigatlorwl plot of the courses of own ship and
target on the sane cathode-ray tube. A spot is -ade to traverse
a course representative of oar ship's course. At each ping this
spot is brightened and then sweeps out radially fron ovn ship's
position in the direction in which the projector is pointed, being
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brightened agaia v.hen an echo is roceived to indicate the position
of the target in the navigAtionAl plot. The persistence of the
screen is mnde ao long that a nurber of registrations remain observ-
able sinallaneoasly, thereby enabling the visualization of the tranks
as well as the poritions of ovn ship and target. If the projeotor
is trained on the target, the location of the target is correctly
depicted, otherwise not. By supplanting the radial scan along a
line by a true sec-or scan (see paragraph 27) with its apex at
ovwn ship's position, the indications can be made correct regtrdless
of the precision in training the rroJector. Even without the
addition of this type of sweap, ASAP operatton would be improved if
SSI were used (preferably -with an attack director), to naintain the
projector beam on tChe center of the target.

F. Determinat••ion of Depth

29. The simplez I use of 1SI for the determination of depth is
that of centeriug the projector beam on the target. The depression
angle of the I rojictor can bh fed into a computer which also uses
slant range and ta lhythermographic data in its computation of
depth. This device should preferably be in the form of a recorder
in ordor that inst'tntanoous irAications of depth may be averaged
out by eye in readin-g tue recorder tracE:.

30. 7dhen the detpr-ssion angle is charging rapidly, as during on
approach, it nray 1- difficult for the depression operator to keep
the imagO centeroC since hle cannot alvays anticipate the amount
of depression i'cianmnt renquiir-cd frua one echo to the next. This
difficulty is obtfalted by tho use of an xttack director to provide
aided tracking, y~th tbo so~ud operator tdding only the necessary

o crrec •tonre

31. In order to deter•ino the depth cf a target to within
feet at a rangre' u :.000 yards, a depression accuracy of 4 jo iTo
rcquired. The SSi iLan Qtto. in this dafrc5 of accuracy with ease
providod that the z-cho docs not return frosa -arying directions
over muitiplb ath- . Ura•-t•oetely, the ea.ho nearly always re-
turns orer a rtnim-rn of' tw-o pxthz, na 1ty the direct and the one
involving a suxfc .reflection. f thi. -s the only cause of the
relatively large fluctuations whicih hwVt actually been observed,
the correct-on of the difficulty wauld &p!rvr to be the placement
of the interfering echo otn a null point of the projector beam
pattern by selection of a propcr tilt. This would in general place
tee image of th3 c3zirnd echo off center by a variable amount de-
pending upon tilt, but a zaeans for tAkirc this offset into account
is available siac proportioral deflection rakes readings off ceztr
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feasible. Operation -wth the surface reflection on a re•pc•se null
point is illustrated in Figure 12. Other :zans for reducing the

Figure 12

effect of the surfboe-reflected echo are the use of a projector
having a. larger vertical dimension for each receiving channel and
the use of highvr frequency. In cither C2so the objective is the
s4~appening of the tbseam pLttern.

32. It is nau kr wn tint the depth of a twrget ctn be determined
at sone range with an error not excooding + 25 feet, It is not
known whether this range can in &ll eases b z,-ade great enough to
permit using the i..fo.-m- -ion in the attack, but experimentJal work
is being prosecan&e in order to provide thlw answers.

G. Phase Differ-3nce &.Vancia-

33. There is a def!inite relationship in SSI between the deviation
of the iage £'ro;a cnnter and thc phAse diff'rence fed into the two
char•nels. When the phases differ by 1B0 the imaga appears at the
edge of the franie. All dofJections are in %whe sazr proportion to
phaso difference, which is the oearýr.ýg of proportional deflection.
It is possible to ecpand the al-oe in the central cathode-ray-tube
display by using a larger o-r tub.. hen this is done the individual
brightened-line secrients are likewise exyanded in the same propor-
tion and it is doubtftul if an, ga-n in s -nsitivit results in going

beyond a 5" diaae-tEr cathode-ray tube. However, if the phase differ-
ence between bIe ixcotaing signals is exxanded before being fed into
the SSI, an increaae in sensitivity resultt. A method of exanding
snrull FMse-angle differences is to invert the sigal in channel A

SS-20
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and to add pirt of this inverted signml to the signml in ohannel B,
and at the Barns time to invert the signal in omannel B and add pkrt
of this inverted sigrml to the signal in channel A. The Vector
diagram in Figure 13-a illustrates the effect. Figure 13-b shows

C0) V, rCditA WSi-4 'O

Figure 13-p- Figure 13-b

various curves of diatorted deflection plotted against original
phase difference. Expansion of the csnLral portion of the scale
of SSI of tivo to thrne fold seems to be foasible. Dirly experi-
mental ccnfirzratlon is planned.

H, Srottins,ý

34. Spotting 5.2 tLe doterrn•inntion of the Position in which the
projectile pattenm iltrikes retativo to th- target. If a. pilot

projectile is deliberately nade to fall siort of the pattern cen-
ter by a nc1nx azaount, and it can be spotted relative to the tar-
get, the fire caitrol corroctiox-s can be deduced. hMthods of
designing such a pilot projectile to erable echo ranging fromi it
are being st-udied. For s•kample, the emission by the pilot clarge
of a bubble screen from which echoes can be obtained is receiving
attention, The 531 is peculiarly adapted to showing two targets
such as a aubnnrine and a pilot projectile on the sane streen in
their correct relative positions provided that their ranges are
different. This last provision necesuitaLes deliberately firing
the pilot plrojectile short in range. The display should be one
which shcots extension in range from bottom to top and sngle from
left to right. The sweep should be delayed es previously described
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in paragraphs 15 and 26 until the echo range is Just short of the
pilot projeotile. SuppoSe that the pilot projectile is deliberately
fired fifty yards short of the tzrget. Then on the screen of the
cathode-ray tube there can be a position as at A in Figure 14 at
which the target is held by saens of aided tracking and there will
be a position B shown in the irse Figure at vwich the pilot projectile
should appear. If h.vm~rer, the pilot projectilb iLmge aotually
appears at C in the ?'igure the error in range and bearing can be

iqs 003"
|I• •'-o 50 's.

Figure 16

read and called out (as 2b yars-., short - 6' right, in Figure 14),
and thia information my al-o bh fed directly to the fire control
officer.
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III. USES OF SSI IN 1 3-3UBM&RINE PROGRAI

A. Bearing Indication

35. The princijal use of SSI in subrrines is for training
accurately on the propellers of a target, using the 881 indicattm
of propeller noise. A sketch illustrating the nature of this
indication is given in Figure 1-b, page 5, except that in that
case the projector vws not trained to keep the indication centered.
For this use the SSI circuits are arranged to complete one frame
from bottom to top and then autontioally to snap back to the
bottom of the screen and slart over again. The persistence of
the screen is such that the bottom portion of a preceding frame
has about faded out at the start cf a new frame.

36 The form of the display is showm better in Figure 15-a and
15-b, which is a reproduction if photographs taken in the 820 in-
stallation. 15-a sh-i"fs a centared trace. 15-b illustrates the

FIG. 15a FIG. 15b

Fivgra 15-a Fig-re 15-b

effect on the display of t-aining the projactor across the target
and lack again.

37. The defloctiGn sensitivity of SSI is related in a definite
ranner to the geormtrical arrangement and ditensions of the iwo
lalves of the projector, arnd to the f'recuency used. With a 13"
diauieter projector (cry~tal diameter), operating at 25 ko, deflec-
tion to the extreme right or Nift indicates a boaring deviation of
+ 12). With the use oef a proJector of L-!ice the diameter, which
Ts contemplated, defoectlona to tho edre o{ the frame would represent
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+60 bearing devia Lion at the same frequenoy. Even with the former
Tenuitivity, carefully controlled tests indicate the possibility
of oentering1 With an average deviatimn from s3amulaneous periscope
readings plus correction for parallax, of 12 minutes. With a
larger projector, with an iraproved geometrical division of the pro-
Jector into two sections for reception, and with a phar: difference
expander as auxiliary equl.pnent, it appears that errocs introduced
by the SSI can be rvde oonpletsly negligible, Of oourse, errors
in the direction of arrival of the noice a ro beyond control and
should prove limitinag ?lctore in ultimate accuracy.

B. Use with IDC

38. The objective of deteraining target bWaring with extreme
accuracy is to fcE.d the TDC, especially when the eubMarine is sub-
merged and carmot &afely expose its poriscopa. The feed to thi
TDC receiver (emlto4ied in the Mfrt IV) is at 1 and 36 speeds from
the projector shart. The iindlcation is given at the TLC receiver
on ring dials whe:.,t it ie oor•i.red iitV gonerated bearing oorreoted
for parallax. Any fall're of vhe generated values to follar the
observed values cos± be used by to TDC oporator in introducing
corrections into tho MIC ..•r•b• scot-tp.

39. The TDC W...k IV kas a. Lnc r=ontal bearing output whloh
cain be fed into the traihein syitsm of the projector, thereby
providing aided i;-acking. Thn this featuro is rade use 6f, and
when the problem Is correctly ,et up1 the sound operator need not
train, Lave to ir '-nrt correc'Lions.

40. With the -:yutem thus N'r describad thore is one missing
link, namely autc-itic corr3ction of problem setup. This can
vltirttely bz achk.ov-d by the prov-sion oC an error voltage output
from the SSI for :.ise in autocmatio correction of generated bearing
and bearing rate In the TDC.

C. Use with TrianVulation Listealnc: Ranging

41., Since the ;;Si is intrinsically a dririce which can measure
angles with greai 2ccM•Csov tht) ponssibi lity of obtaining ;es
by trian•gulati(r -,s e•r•bncc by it a-e. TZwo schemes of triangula-
'iorn, eadh pOset 1j fl- r:crzin ineorent ad'nnibages and disadvantages
are under coneidc-iation. Th-eme are (0,) ria.ngulhtion in a horizon-
tal plane usiG thy di-tnces between pr3Joctors placed wi11 formrd
and well aft on 'te subrprine as a base line (b) triangulation in
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a vertical plane using the vertioal dislance from the surftee to
the single projector a• a base line.

42. The wetlcd of horizontal triangulation is illustrated in
the sketch of Figure 16# which shows in perspective a triagle
formed by the target's propellers and the two projectors an the

Fi gure 16

subvarine used fo,;r tho trtangulation. TL.e forvard projector is
nore likely to tc usud for rmasuring b-a" inx 8 . The aft Orojec-
";or Inwasurea a d.Iforint bearing 1r'. •he difference betwuen thes
two angles I t?-o angle & subtondeod by tho two projectors at the
propellers of tho tar 7Ot. The rango from. oither projector is
•ppro mzatoIy R. ',Urc thei relation which hr- to be satisfied in
this geomestical arranganmnt- is tha follcigi.

sin A - sin B
b E

this may be s ol-vA lt a suita.ble conputor since everything in
the e:ol tion t2•C_.t K X.s 1Z n• or olbt-' , lb- froa. the bearings
At the two .'roj-- tora. i.o:.t.on.d trii.-zioi .as b~en carried
;ut 5uo0essfui.?y in t.!-o "Tt2. at ranz-e3 -p to about 2500 yards on
the beain of o.4 :.hipp. At a•:s11 .sles o:t'f hhe bcw or stern the
-nse line is co 1::roaýiyr reduced that o5i:atior. i possible only
Pit much shorter £sug-ra Ii functic-u r without the benefit of
SSI. Also, it l3.cks aided tracking by T¶U, in angle and range. It
is believsd that the addition of these foat,..res, togethor w-ith the
use of error vo].igos to oerrect the roblem stup would result in
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a substantial ino;-ease -&n ao,ý-ursoy in thisiwtc of obtaining-
ranges. The propo6-cd socheme for trtining the projectors la to
have the forwid 'prcjecto~r provided with aided tracking Cr02 the

TDC and to pravid5 a-n angular differential between the two pro-
ject~ors which conies from genaratod range. Errors in the differ-

ential -m~y be observed indeopendenutly of errors in bearing by
swiitching from one _:rojeotk-or to the other for SSI and observing
whether the indication. shifts on the sormon without reference to
whether It is centoe -d. Also an indepe-ndent error vo3.irge nay
be obinined for cors*ecting the generated xan~o and range rate.

The advantages of t,-is method of triangula~tion over that in a
vertical plan~e are its irideper4enoe from depth of the subizarine,
frmoi tempnrabirn zcintand frani roll and pitch ofV the ship.

43. Vertical telimjiuyuktiofl is now rozetýving prelimirery teats.
Thia n~,:tki1 M rouiLre3 a- til, table proJoctor P-N amans for deterumin-
ing, precisely t-h3 alevai~ion of the target1 . It reo 'u~res, the use
of stabilization -to (-o'-1ceszwato for yuand pibch of the ship, and
of n-ompuftsra wI~el ;rnko j allowanca -:'O tel-Imperture gradientt as

detnrminod frccn bat ytVhoriutogra ph rcadinga p,.eviauasly obtained.
The advantatges, of' tiý, *yite7 a a loirger knto line- obitainable
byj deep z~tog~c~of t½ uhxuin and t~he Jack of dependence
of t-he lengcth of &V ti)a oil L-o rn l, itJ'Tc %P r:arln. of target.,

441. FIGuire 17 iIu;t&tz o'it t.~gdt~l As will be
sesvr L" voforenz_; t:, thc &'1 CLlie R~g HIs givan by the

J .1

F iguro 17
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D,, Listening I'Pl

45. If a horizonti fly s~piit projector is .izad with SSI, the
soan is from the top tc tiie lbottom of' the bea~m or vice versa an;
deaired. Suppoas thakt *-12zh a- projec'ror is oraplayed, that it ini
stabilized against roll a-ad y)Itoh of t~hoeh&ip, and that It is
elevated throughi an r.n.LLR of' 4j50 , Such aL projector is shown
mounted on. the top, s Ale of a nub-rnarie 5r FJ u l. A beam

II

width of 60O 1s aht~ fiqA :'Le SCt; ir. t'erof are3 from 150 elevzt-
tion to- 750 elejatkLC TJ-'.%ý -ýnan in anp;-JG mfy also be re ~ rded as

a scn aongVa ~izSL u~ %ohopi.ul 1 rag coot 151 to
11 oat 750. Any ne if; 6r Lia tho rarticxdnr ELZII!zth in whichl
the projector it; -ra .rA an6 give, tn innc'&ti on ori the screeon do-
pefld--lflt for its ) -mi(% if' t juf t-lo rnnge t' sourcc'0  In the
listvfning PFI tnfý Ehr so of . x'r 1 -b is replaced by
a ra~iie 1Swoop ý`itu ia'e tis ýcrn-rn nearly to the center.
This radial l11a,& :Z 0c w~oe as torre tte rellative
ben:Knng of' tho prjTo ha dis-nlay whnn raiseo is picked up, is
th-en 3 s shcwsn Jin I I ic 19 -iv~ thI r2&b bearing, Br and
approxiMatelyr tfio r&. LU. ;-nd-Lca ted.

w-'c R.II2
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46 h r-,Vtjto h ailln_ ntesre olw

theorenatonofiic , ~ c-rat..Aii~ ymaso

46rijli The ort'nnti n of' the raiar'l leuc onn tecrenouollows
theate1~to ofgs ttC projo:!ctore autopapticamy b imeans our. a

theraby giving a3) ir : 53Q1tion of' ifoLtions of ti-a -varioua targete.
Figi re 20 iZ the t-r- ox inxwobtained wlvrin sweeping i.5 bering

Figure 20

earnied out. In th3- illuasturation tIwo no-Ise sources, the station-
ftry one un bearning (30', andL the noving one on bearing; 270, are
illustrated. The t.izagres on about 2700 are from Wmo suecessive
rotations through .i noise source.
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47. This listen: iig PPi. which requires rno transmission of signal

in ro&Lrded as a dcfense weapon against attcking aiurfaoe vessels.

It should present valuable infonration to assist the oaptain in

planning escape ta-ticso The possibility of firing torpedoes by

metns of listening S3I exists, but appears remote.

S. Aid in Echo Ranging

48. While range ; by triangulation are being sought, it does not

seem propitious to do aisay with echo ranging. Rather, echo ranging

should be confined to a few single pingsa Ipo-szibly with pulses so

short that they po soess no tonal quality. In aone cases, partiou-

larly with short p rI,78, the echo is badly reasked by prop noise and

its detection is d .ficult. To alleviate this unfavorable condition

the sound operator n"ay train behind the props by an amount which

places them at or wa?.r a null point iii kho rcception beam pattern,

and ray then echo 'ange V row- the target's wal:e; As an aid in trans--

lating the range o' tha wvai,.c intk tho range of the target, the

constants of S2I nr y be 6hon such that wh-rn the props are on a

"null point the ext ins' o in r'inge of the wa.ke echo subtracted from
th. mean range of' Ahs .-wake ochc will give the range of the target"s

pr-ps. -in ope±'ati ""the pcxaor of tLhe ran,;S recorder could call

cut wake range and t'ie operator of the aSl ouuld call out an exten-

*ion int renj-e whric is to be tsubtracted. Tho TDC operator oculd

peiform the sub t•-a 'tion mental.ly and cheek his problem setup. The

ge.:metry of' the si .uI? ;ion is &;ovrn in Fij;uro 21, T is the target

/ le

O. /

Wj.-Prnr 21.
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ship the propellers (P) of which are kept centered on the SSI
when not echo rangiag. °When echo ranging, the beam pattern of the
projector is .wIthin the angle B with null points in the directions
ce. and ad. ob and oc are the limits of the SSI scan and oe is the
projector axis. rAkiag the angle eod equal to the angle boo, the
extension in range s! aim on the 6SI screen, nerf-ly blo1 will be
substantially identicI v1 ith the extension in range of eld 1 and
therefore may be subtracted from the wan vake range to give prop-
eller range o?.



IV. USES M2 NWVI2TIO11

A. Application tr Small Object Location

50. At times, suol. as when running through a mine field, it is
desirable to locate imall objects. Various methods have been de-
veloped to all of which SS1 in a particular form may be added with
adwntage. All such snall object locators must operate from echoes
since the objects art not obliging enough to emit noise; conse-
quently In the usual SSI display an indication like that of Figure
1-a would be obtainec . Better visualization of the isituation is
to be anticipated if this type of scan is somewhat modified. The
sound beam itself is sahaped in the form of a sector of a circle
of expanding radius. If the display of SSI is given the identical
shape, the inages of objects in the field .i II be shown correctly
positioned relative -' o some reference line such as a vertical
line on the screen iLdicating dead ahead. Any suitable scale may
be chosen.

51. If the locateov includes a searchlight boam which covers a
relatively simll ang'e it ray be desired to rotato this projector
continuously nr in a :.eps. In either case, the SSI display nay be
rotated in synchroni:.m. If such rotation is zero, the apex of the
display sector nay . )sU convcniently be ple.ced noar the bottom of
the c-r tube. If ro ation is through an angle of abouý 4600, the
center of rotation c_. ihe scroen may preferably bo placeW soewwhat
below the center of .ha •creen. If rotation is througjh 3600, the
centor of rotation s: .ould be plaaod at the center of the screen.
All of these arrangr ont. are attainhblei

52. Figure ?2 aha, v uuocosivo indicationrs of a snall object
ahead of a subLP.•ine a.nd to starbcardo In orter to obtain the

SEC R•T
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latter indications ii; •.•s necessary to rotate tho projector and

with it the display. .It wi 11 be seen that when first detected
the snall object lay very close to the track of the submarine.
Full left rudder was c-tlled and. the indication veered to the
right until it wee at . safe disatnce from t!e track, at which
time the submarine retawnrd to zero rudder.

B. Use in Deterrrdrng. Bottom Contours

53. Indicationo of *-ttom slope are obtainable much in the
same ir.nner as target 'tsput, or -wake aspect. For this purpose,
the projector must bri sp•lit- horizontally and the indication shows
deviation from the b,3ai axi-q in- a vortical plane0o The display
of Figuro 2 (page 6) & )-:uhd be rotated downi&ard the same amount
a3 the projector is ti 1tod downs;ard. A gated vertical bvweep

should be e;aployed f ux oorrot aspoet indication (see 11-D). With
this arrangement tie z icin of that portion o? tha bottom on whioh
the sound beam il traim'd it; corrzetly dispptycd.

5$1. A t'qmioial Qisr%2y A'in3 bbottom is ilbwcty-aced in Figure 23.

At 2• the vertical I,-ct$on through the bottý,-,n In the plane of
,nha ....qnn is. ... I vo•-,,or v'iith the direa-

fron f m which tho tic ,Ml ;'a eim-inges. At 2%'Jb, the display
obtftine:d from the echc ir, g'_.ien. -(nT, slops of" the bottom as in-

dicte i ideenen o te tilt of the proje--tor.) Points 1,
i, , nd 4 in F ig-.re "3•t a.- represented by corresponding points

1, 2a 3, and 4 in. th-i _,zga at 23-b. Note the absence of an echo
betviee-_ points 12 and 4ai ths shadow; zonte.
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C. Use in Looc ting Temperature Layers.

55. Azv tempore ture layer which is abrupt enough to give a
good echo can be a hown in aspect by the same method used for de-
termining the slOie of -the bottom. While at the present time it
is not known whet3er at some higher frequency good echoes can
always be obtained from temperature layers, such a possibility
is being investigted. If this should prove to be the case, the
mnpping of temperam ture layers might be of great help to a sub-
mar ine- if it is le ter undor attack, and conversely to a surfaoe
ship attacking"

SECRET
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I. SSI OPSRATICN

A. Dependence cin Incoming Signals

1. SSI requireE the use of a projector divided electrically
into two parts witk their centers of area displaced in the plane
of scan. For tho jurpose of this discussion it will be assumed
that the plane of ican is horirontal, and that the division is
into two halves searated by the vertical diameter of the projec-
tor. Mhen a noise or echo comes from the beam axis of the projec-
tor, the two halvei of the projector respond exactly alike. If,
however, the signC' is displacad to the right of the beam axis,
it reaches the rigit half of the projector before it reaches the
left half giving r~j km to a phase lead in the right-half response
ahead of the left-I ý2.f response., SSI uses this phase difference
in the i;wo halves (P the projector to produce an indication of the
deviation of the sc;.rco or reflector to the right or the left of
the beaxr axis.

B. Block D3.afý,you

2. Plate 1 ie e blozik dliora-a of the equipment. There are
two amplifying oha. eis;, ono far the right 1alf cf the projector
(shmown acrons th- ".p of tho plata), the other for the left half
of the projector kt an ac-oss the bottom of the plate). These
amplifiers are of hae sporhctoro'Ae type with separate local
oscillators tuncEd o &lightly different frwquenoies as shown.
By heterodyning th( !:.=o local cscillators a2a.inst each other in
a •ixor, a 400-zvy' ,iet. difference freque.xcy is .obtained, which
is passed through ' ho second horizontal line of components in the
diagram to synchrer i.o a saw-tooth generator and thereby to pro-
vide a horizontF3. -'iep across the soreen of the cathode-ray tube.
The third horizondil line of componcnts represents the means for
obiaining a vertical zsvep.

3. The two a;.q.ptifier channels are combined at the extreme
rirht of the diag;ra to prcvide voltage for spot brightening at
the proper positto in each horizontal sweep when an echo or
prc-,eller noise is being received.
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C.I Scanning th-3 Screen

4, In the abaes-io of an echo1 the screena of the cathode-my
tunhe is normily diirc *if, howiever, the intensity grid voltage
is increased by tru-ing the brightness conitru'l , an electr~n beam
is permitted to st-'iie the screen, thereb1y producing a fluores-
cent spot. This s-'ot svioeps across thea screen rapidly from left
to right and then -opeats to form a BUeoCiLSJ.ofl of horizontal lines.
At the same time a. slower vertical sweep deflrcts successive lines
upward from the bo:.tora to the top of' tho screen in such a inamer
that a rectDangular area is covered, an, in television, but at a
muoh alower rate.

D -Vertical Swecip

5. The vttrtioat swoop Is produced by- a ztaw-tooth currant
ap-)iied to the vrialdoi'lectl~on 0eoils" This curr-ent Is iso
swmchrouized with 0h9 tz-ansissi.ion of souand ixito the water that
thi- borizontxlzihnis are det'hctcd to thiw. bottom of the scree-n
at the iwz;tnnxt of 80U12il tsinaion, an-,d A'Ooreaf'ter progress-
uy~mrd. Vcrticail '.utaoaei £o;L the itt: is t4herefore pro-
pcortioza12 to uan_-e. Thre. renro -propor Loiotlity cons3tnt xay be
chisone by the ojŽ9t', tor tc :q-ko the top o" the sc,_reen corroapond
to, any desired -'n r fo)r e:.afaplo0, SlUGJ yprds, 1500 Yards, or
716-D yards. 1ii tho trr~n±tt~ed pulso i,% Jyluttiated by a range x's--
aoondor , the downia;-. 'd fily-txck nn&-y be? el ro%'rd loes of'
hu1! far' to,.,nrd tlin; top- o)" tho e z 1,C I:~eg tb mr Ic d'e 1aClot ion hasa
prztceedot Thenr 1 j~~i; 4 ;-ii to nio-io The flvy'bac 1c from the to]) to

tobot'co± UlC 1.-a*-o~n _C I az1 rJ.-3w 0 ¾-Ota*Ll-All -VritiioutL

Q:; t~emnaJ. synoh:j-osti nti.o:l, .X ccm,-vonioGot die orte vertioaý.
aw-;Op i a this -- P r cot.' us .1; C .tiec cA

E1. Refertince Bi-e~it

6. The heart c, the S21 is thel nm'arni "or !s-ymohronizing the
horizonttal sweep, wli thspot br~ieii.To This end, a time ref-
erznce system is e plIoyQý&. The- two locaL -Ecciila torn of the SSI
are tuned 400 cylt/cc.apart. The o s ral:tations betweeni the

twoosellaior ~z.y e i4.fl ~i '. loc dagram, a a in Figure 24,
i'n wh~ich a single1 ua-nd rctatin t4Cr.vltione per second in-
4'isq tes- a t eve ry itstn-:.-. M hz of Mr- -r f req uency re la tive
tAo t~he low~er.
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Figure 24

F. Hlorizontal Sr-aop

7o if the clock scale is broken at 180° and straightened, as
in Figure 25, it re))resBents the synichroniim of the horizontal
sweep, across the st:reen of the cathode-ray tube, with the phase
relations between t t e trvo osoillations, This synchronism is

-150, -1)50 -90 +4 ~ ~ 180

Fkg-iso 25

achieved as follnrs. The: two iccal oscillations are heterodyned
against each other ..o guiv a 400 oyclo/sec , difference frequency.
This difference ft-equenoy in mie plate circuit of the taixer bears
the definite ret.,a .,nhro to ts clock diagram of going through
maximum wh9n tho I ck bzl goes through 180l'O. Te voltge at
the differonce £req wwny is shifted in phase a fixed amount and
distorted in the de iired i-anner to trigger a gas tube, thereby
discharging a c,'Jde nimi, whnever the clock hand goes through 1800.
This discharge is u;-.i to ;,i-ke the ,uveup Ifl-4y hack" from extreme
right to extreza-s l'lt r 19 IWO (c'e3 Figure 25). Then, as the con-
deni:er oharges, tie s -o' swsns acrcos the screen in one reiolu-

tiou of the clock h:rid-
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G. Synohronization of Si&ral

8. The sigrtl from the right half of the projector is fed
into the okannel with the obcillator of higher frequency. In
the superheterodyne mixer, phases (as well as frequeniees) are
subtracted. Thus, if the two incoming signals (right and left)
are in phase, the tivo intermediat, frequencies have relative phnse
identioal with that of th6 looal osoillations shown in Figure 24.
By producing spot b:ightening when the two I.F.'s pass through
phlae coincidenoe (Jo In Figure 24) the brightened spot falls an
center (Figure 25), as it should for this case.

9. Suppose the signal output of the right half of the projec-
tor leads by 900 be :ause -he sigrl Yas a bearing deviation to the
right. Then, becau;e of subtraction of Rhasee in the mixers, the
I.F..'s have a relatrwn phase retarded 90 from Figure 24, as shown
by the added shorter, ' -nd in the clock diaUram of Figure 26. This

-: \\c0 4 t
* I

Figure 26

added hand is• an Ii.. rai.tivo--plase hand and rolttes withh a con-
stant 90° lag behin; the c•cii~ation relatives-tase .hand for this
example. Whenever ths 15F rela~tive-phase hand passes through zero,
spot brightening -•i::u, t•aco. At such instants the oscilJlaticn
hand is at •.90°; he tza thu• brightened spot occurs at 4.900 on the
swenp soake of Fi~tt c 25., In general, if the right 1-if leads or

lar th lot b.ar ,anglo not exceeding 180°, spot brightening
occurs at the se~a] Jssp'~itlon of Figu~re as rarking the lead or .lag.

X, li
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H. Spot Brighte:ing

100 The output o.' each IoF. amplifier is litted by driving

grids of amplifiers below cutoff, thereby producing so-called

"sq-are" vaves. Th-se square waves, still at ".ntermsdiats fre-

quencies, are differentiated to produce sharp voltage pipe. The

voltage pipe in the two channels3 still at inturraediate frequen-

oies, are added togather to produce extra Mgh pips when they

occur at the same tiiwej as they do at phase oo..noidenoe once every

1/400th second. Only these higl pips break thrzough an amplifier

biased below cutoff (cllpper tube), and after proper filtering, and

inverting, become the voltage which i& applied to the intensity

grid of the cathode-ray tube to brig$hten the spot.

II. TUNABLE 5IIS

A, Advantages of £r.-blde S1

11. The reasons for tunLng any ouho rV.ngin. gear ares

a. The ohoi~o of that ouvi-a :Ing froquwncy where the

overall seusi"tivit-y of the euho ral.v;nIng equipanent is

optriaun 0

b. The chokt'e tAo that i f.c.u.cnoy where in.

terfarence £t. -r-110 Ila.'gtn .n• 11o. they Shere or
"er ships•s " -5 wit-.M1

o. Vari.athn JT-, be-am .iith hinwr -,uenny giving
a sharpor be-, v..•t.en thr -Mw, projoctcr is used.

Wit. SS the rO&so.a c a,- -,ning are b re •ua with tho addition or&

d. Sele-1'iLn; ýdczlrset defhP.ctiu.;t Eensitivlty.
This sensi i< iicrcase$ with Iac.-Ja5v of fre-
quencýk.

12, The adtantag, ,7 , :-nx-cort:ol sy3-fe;. •f tuning the driver
arid receiver tcgeth•tr •: ell 41n-z'n.1 If thiif iystem is employed

it is obvious tint :;e w-..6 adnrages wculd besame even greater
if the 551 were ir;c4_d 9•: t•e uni-control syatezn.

SECR-T
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B. The problem of Tuning SsI

13. The problem of tuning SSI is one of alil.tning two local
oscillators 400 cycles apart 4-20 cycles over the frequency range
and at the same tire aligninj--with these local oscillators any
tuned signal-frequency circuits which ray be required. The
alignmnt of the signal-frequency tuned circuits with each other
must be a phase alignment which is considerably more critical than
an emplitude alignment because at the peak response frequency the
amplitude variation with frequency is zero while the phase varia-
tion with frequency is naximum. It is necessary then, thnt the
signal-frequency tuned circuits be alignod dith each other wry
carefully: their ali&oiuent with the local oscillators is not quite
ao imporlant since if all are out of .alifpme=nt with the local os-
cil2ators by the saoi amount the only effect is a decrease in sensi-
tivity without relative phase shift between the two cl-annels0  The
principle problems boil doni to these two:

a. Tracking of tho two local oscillato:a 400
cycles apart V20 cycles, and

b. Tracking of all tuned sigrail-frequeaoy cir-
cuita with eý.ch other.

14. The followin1 , methods offer proumi.) :f' providing tunability:

a. Te diffEronce frcouency betoeen the Lwo local
oscillators, alrsady availlable, is put into a dis-
crL'irator tund to 100 cyclus per SeCohd. This
diccriminratcr givos a d-c output whtioh is positive
or negative -to-ndIng cn the diretin of 3eviation
of the i•iffec-ncv frcquency from 400 3yclea per seo-
on d. The discriainator output is injecbed on the

grid of a retc-amrce tube used in the tUned circuit
of one of ti'e local oscillators and affCcting its
frequency of oscillation. The circuit is so arranged
that variacion in grid potential of the reactance
tubs tune: the oscillator of which it ii a £art,
ir the direction whtich makea the diffgor ne frequency
betaeen t -'Ie two los10a oscilators apprwoh 100 cycles
per second. Ganged with •te oscillator tuning con-
densero are ' foe or sig•al-frequenoy twfing. Re-
sults to date i.idicate that rane tuning ah.aad of the
,ixer in eaci ch el is required. ESither a single
tuned circutt wtn a fairly hih V4, oa two tuned
circuits in ascaad-e each having a low Q appear to be
satisfectory. Wialtever circuits iAvw to bs tuned

may have their condensers g.nged with tae oscillator
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tuning comartsners. It should be noted ti-at with
this echom misalignment of the uignal frequency
tiuid circuits w-ith -the local osoillator tuned
corcuita rry not be serious since it results only
in decreasi-d sensitivity and not In relative pinse
shift betwecni the two olannols.

b. Another method of tuning ii. to use three oscilla-
toore, two on fixed freqtwenotes 4C0 ý.-yoles per second
&ajrts and the third tumble with its condenser
tracked with the siGnal frequency tuned circuits.
The variablo frequ.enoy oscillaticm is hoterodyned
against eiacn of the two fixed frequen-cy oscillations
to produce tho variable neequencies,, 400 cycles per
second &Iart, which -b~kc the placeo of the local os-
cillations in the supeitatoredyno eb"annel. These
variable frocflljflias have to be uarýDfully filtered.

c. A mathuic ocC inrtial tuning 12.,v011e5 the use of
mairs of crysiMlto to ountrol islocal oscillator

frequency Y. ith the signpal £r-equs:nciy r:Ligea tunable
by me-ans of vgangz-d condensurs. When, it is desired
to c1a.ngoi fr-equencry the Isir of cryzitAlu in. use Is
reniovod and a .aenw pair Is plu~gged in vdtIore upon the
signaml troqucnoy cjxdesrsu~y- b-3 .7:.ttar-c3d, for

* ~rc&ximuu rasouvoSe.
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APPERDIX Bs f_•lV IIEAL RESULTS TO DATE IN A# ARFARX

A. natallatior in USS FOSS

1. The potentialities of SSI in A/s vrarfre have been ikrtially
demonstrated in thE Xntegrated Sonar type A installation in the de-
strayer escort 15S FOSS, This installation no completed in February
1965 and tests are still continuing. The portions of the inhtalla-
tion associated witt the two SSI's are a projector, trainable, tilt-
able beyond 90o, aryl stabilized against roll and pitch of the ship,
a coupler unit, and a Pulse length control.

2. The projecter ie ul the QB type - Roohelle salt crystals. It
has a broad frequeiny-rerponse characteristic peaking at 25 kilo-
cycles/soc. It is split, electrically only, along vertical art hori-
sonatl diameters iL.to queA'rantas A three-axie system, of stabiliza-
tion keeps the spl'tt horizcutal and vortical dewpiite rolling and
pitching3 while m. :nýaining the bearing and depression called for.
The training and tf.lting of the projector are independently con-
trolled by two sotuid operators, but only the training operator is
needed for searching.

3. The coupler umit eliminatee the keying relay, an important
fnction, but nece:zaary with SSI orly for extremely short ranges.
Moro iportant for 3I or]Sration, this ,nit combines the quadrants
in xlariclis combbira tiors and provides outputi- of right and left
halves, of top and bottom halves, and of' ti-e whole projector. The
first and seoaid ;tJr4 of outputs are fesi to the two 3SI units, the
last-to the recoivtjr, which provides audlib.e output and feeds the
tactical recorder.

4. The pulna l',ng;th control is .uentiuned hero because results
indicat1e that puls• le.ncth is of iriportanoce in obtaining the most
information from t:ie SSI1. Ri•is lengths of 2, 5, 10, 20, and 50
milliseconds are s'Uec¢table.

5. Oae 6SI, the display of which is tm. the console of the train
operator, utilizes the -afr of coupler uicit outputs equivalent to
right and loft hal-:as of the projector. This umnt scans the pri-
mar"y reception lob? of the projector hor'aontlly, and thereby
shows the objects ceontairied in the lobe in pln. The second SSI,
the display of whit-h is on the console of 'LhP tilt operator,
utilizes the ,nir of coupler unit outputs equivalent to top and
bottaa halves of the projector. This second unit scans the pri-
nary reception lobe of the projector vertically, and thereby shows
the objects contained in the lobe in elevation.
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B. operation of FOSS Equirvrnt

6. In search, one operator seated at the train cosole (Fig-
ure 4, 0 pg 9) tra•is through the designated search sector on suo-

cessive pings until contact is established. Contaot may first be
reso~pized aurally or on the chemical recorder, but zhould be readily
identifiable on the S8I at about the same time. The position of
the brightened spot in the horizontal scan cn the cathode-ray tube
indicates at once which way and hcw far the operator should train
to center, the target, and embles him continuously to maintain con-
tact as lonG as echoes can be received.

7, Contact having been estnblished, the tilt operator takes
h~ss position at the tilt console (Figure 4) for the r.ttaok. His
SSI presentation shows the tairget on or off center vertically. In
the approach, as the-brightened spot moves dotn on the screen, he
controlo the tilt or the projector to bring it back to center. At
close range he ,.ay auticirnte the shiit in position and, by tilting
through possibly as much as a degree, or-more, between tic success-
ire pings, keep the inddication on centor.

C. OperatioiDlI Resultts

8 ESxperimentin oporo.t;on of the FOSS -ns;tallation indicates
t1at once a contaot i- :ad.-, opezmtor-; with no special training
..n the uISe of this rartioular squi-.nt ca:- hold contact even whm
r .unŽng uirectly ovor the iazyet at W0 knots, Two rune_ in which
the rnaxirnum tilt angi-e eýMor 230 and Y09 raspectively are shown in
the acco..jnnyinc reproduction of recorder traces (Plate 2). The
data regarding tilt is vwitten on tho traces along with an indi-
cation of ;inrnrum range, Per.aps the mozt at-riking demonstration
occurred when workd-ig with the 'SS R-I which 'ad been modified wo
permit running ,nt 13 knots submerged. With the R-1 naneuvering at
will, the FOSS ne-ter lost contact during a 90S-minute operating
period.

91 One objective vith the F£0o installation was to obtain
;e•'tfl Co a subuarine by raaasur-Lent of the tilt angle and slant
rarg;e Several rmns were r-ade on a single day of operation with
the subn.arine at deoths of l00 feet, 200 feer., and 400 feet. Wit-
out the tilt oýnrtxtor t s takin,; any particuar care to keep the
tags centered and iithout his signalling vhen he vas on the target,
'eriodic observations of cu-'e and tilt were taken on the bridge ro-
• a9er for t4-L three subarina depths during approaches. From the

dcb'a, depths vwre con-putod and these are plotted as curves (a), (b),
1nd (c) of 3~aLe 3 ror the 100-foot, 200-foot, and 400-foot depths,
r•.• ect.ve±?. �he targei w•,as an Italian subrarine whiLch expresses
*-.. ueth- s.s d 4stmnce of ius -ater line beln-a the surfacs. The liuat

-42-



lines in the plate represent oonning tower and keel an the
assumption that the submarine was at the requested depth in
each case.

100 Several conclusions can be drawn from these graphs
of depth versus slant range, as follows,

a. Errors in individual determinations are rather
large.

b. The depth indicated by an average of several deter-
minations is reasonably good and is consistent out to
the maximum range at which readings were taken.

To these conclusions my be added that some interference from
surface-reflected echoes was observable at tilt angles of less
thin 60 or 70, and less reliance was put on determinations at
such angles although the graphs do not show less consistency
at the longer than at the shorter ranges.

11. It was observed during operations in the FOSS that a good
idea of target aspsot was obiained from the S51 presentation when
using short pulses (10 milliseconds or lees). Admittedly, the
Doppler effect is lost at the shorter pulse lengths, thereby giv-
ing less disoriaination between echo and reverberations. This
sacrifice ray not be tolerable with poor water conditions. Even
so, possibly one ping in four could be a short pulse prinarily
for aspect indicatton.

12. In the FOSS installation considerable attention was givan
to the display of Targot aspect. With a subrarine as a target
running slowly at 4.00 feot depth, conditions which should have
given rise to no make, an indication of aspact was clearly obtain-
able. For example, in a quarter approach, target angle 1350, the
display showed the successive line segments from bottom to top in
the duration of thi echo displaced more and more to the right.
The observed extenaion in range agreed approxixiately with that of
the submarine. As the range was closed and a beam aspect ob-
tained, a display tas obtained which spreed in an irregular nanner
completely across the screen. Beyond this in the approach, the
successive line sep;mnts became displaced more and more to the
left at .increasing range, indicating a target angle between 00 and
90o, and finally, '.n passing directly ahead of the target the lire
segments of the diw, play vere aligned vertically. (See Figure 14,
page 22.)

13. In the FOSS installation the method of asartot measurement
in which the scan commenoes at the time of transmission was tried
and gave an accuracy within 4.50 for the target course except when
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a near beam !apeot was presented when the errors increased to 100
or 200. The limitations of this type of presentation were recog-
nized and the delayed sweep method is soon to be tried.

14. Recently a Libraopo Itype of attack director ms installed
in the FOSS and c:rerated with the Inteprateo Liornr equipyent. With
this combination the attaok director his been found capable of tilt-
ing the projoeto- correctly in runs directly over the target, so
that the tilt opnrator has little to do ,xoept to detect slight bear-
ing deviations otused by errors in the problem setup. An example
of such a run is shown in the reprnduction of the recoi-der trace
in Plato 4. 7-n .ii& particular cars the Qp3rator did not touch the
tilt contrul vttitn 400 :ards of tqhe tarji-t. The attaok director
3hould be caebl- of doing well on trein:23 although the speed of
train is mu-sh hit.her than thAt of tilt when ~asuing over the
target.
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APSNDPIX C: s EPERIMFTL RESULTS TO DATE IN PRO-SUBIARINE APPLIATICES

A. Preliminary Experimental installations

1. Early in the irar, improvements in the sonar equipnent in
subnarines lagged tahind those in smoar equipment for aurftee
vessels out of all proportion to the need for such improvements
in the two oases. Recognizing this situation, NRL proposed to
Comnublant certain experimental installations of SSI and other
devices for submarines. Comsublant vas at all times highly
cooperative and much of the earliest experi'aental work with SSI
was carried out in tubzrarines. Here, naturally, the stress is on
indications from prop poise rather than from echoes.

2. Suooessive inst.1lations of SSI irn the USS 5-485 the USS 8-20,
and the US$ BASHAW, demonstrated tb prop noise could be located by
this device at ranygs at least as great as those whidh would permit
aural detection with conventional equipment. and that accuracy of
at least 4- I degree in bearing was obtairable, the training systems
employed Weing the limiting factors in accuiaoy determinations.

3. The BASEAW i-stallation utilized the whole projector for
one clannal and lalr the projea.tor for the other. The display
obtained with this iirranSmont proved inferior to that with the
more conventioral rcithod in t1nt only the central portion of the
screen sao useful. The msthod vas.thereupon discarded.

4. In these pro Limirary experiments, no range sweep nvs em-
ployed, euocessive *,oriaontal zwoeps being at a constant vertical
position. mvtng w wiked for some tiros without a range sweep, NRL
is now particularly smware of ite advantagess

B. Plans for In.4rcllation of SSI with Torpedo Data Computer 1ork IV

5. Having been r dvised of the accuracy of SSI in preliminary
teSts, the Bureau o" Orlance included in the design of torpedo
data computer, Mark IV, Irovision for

a. receptiom of projector bearing by synchro repeat-
bick fron tW projector slhft at i and 36 speeds;

b. genera teC projector bearing by the TUG at i and
36 speeds nr hiuding parallax corrections and allowance
for travcsl t=r- of sound, for direut comparison with
the actual paJector on ring dials; and

c. inoremen-Al relative bearing output for training
the projectoz except for corrections added differen-
tially by tht. sound operator.

SiC PIT
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6. BuOrd snd fRL. jointly, planned the installation of TDc
Mark i7 and 5SI together in an experimental submarine# These plan.
were presented to other bureaus and to Comaublant. Modifioations
of the S-20 were authorized and she was made a-vailable for the in-
stallation and tests durirn November and December 1944.

C. Installation and Tests of 831-TDC in the 8-20.

71 The installation and tests of S5I-TDC inthe 3-20 are cov-
ered in MRL Sound Report No. 42 of January 10, 1945. The abstract
of that report reads as follows:

"The tests of the BDI-TDC oombination in the USS 8-20
were conducted jointly by the Bureau of Ordnance and
NRL.

"Preparations entailed removal of the 4-20 port side
torpedo stowage facilities, replacement of the sonar
equipment by modern coaponents, and the installation
oft (a) a OKVA JIG set, (b) a split QB projector,
(o) projector training gear similar to WFA type but
driving a top-side mount with 36 speed control and 1
and 36 speed ropeatbacks, (d) BDI, (e) IDC Irk IV
fod 0, (f) B-1 repeater, and (g) a perlscope target-
bearine rop:later.

"The tests incl-ded practice rims, a calibration
run, runs ?c:r recording dial readings with the tar-
get on a knovwn fixed course at known speed, and reg-
ular fox runs by the target ship with the subnarine
simulating .trtacks. In eight simulated attacks the
S-20 used siound inforuation excluviirely while sound
c untao t •as af& Int3 Ined.

"The calibration runs showed the difference between
observed sound bearing (plus cor.puted parallax bear-
ing) and periscope bearing to be 12, on the average
over the 40 readings on bearings all around the sub-
ratine except around the bow and conning tower.

"During the simulated attacks, four torpedoes were
fired; three were hits and the fourth was "cold"."

8. From these tests, and from others wherein TDG was used with-
out SSI, it appears to many observers that the installation in the
S-20 is the type best suited for operation with TDG. The situation
is perhaps best summarised by quoting from a letter written by
Comsublant to Chief of Naval Operations:

S:X RET

-46-



APPENfIX DP DESIGN OF PROJECTOR F(R SSI

A. Faults in Present Design

1. With the devnlopment of BDI there came the split loject(w
which receives two sigals which in general differ in phase, for
feeding two channelS. There seems to have been no desig work
carried out on the split projector beyond the decision to split a
stanaard projector along a vertical diameter. The same simple
construction has generally been used with SSI except in the FOSS
installation, where vertical and horizontal splits into qu~drante
onabled -combination of rairs of quadrants into right half, left
half, top half, and botton half. As a receiving projector, half
a circle is poor because of the very wide beam pattern and the
very high secondary lobes. Furthermore, the proportioning of the
factors - transmitting beam widths, receiving beam widths, and
angle scanned through - is particularly ill-chosen in this "desigen".
The scan is within -;hA iimits of the transmitting beam pattern. and
no echoes would be zxpocted to be received at the edge of this beam
because no energy 5n sent out in this direction. The receiving
beam pattern, on the dther hand, is only three or four decibels
belaw peak response at the edge of the Vancmitting beam. Con-
sequently, at recept;ion, interfering noise can be picked up through-
out a solid angle o." several times the useful solid angle.

B. lieuessity for Compromiso

2. Projector der-ien requires compromiaes between the follow-
in& pairs of factorc;

a. Narrow b a width and reduced minor lobes

b. Narrow receiving bean width and deflection sensitivity

a. Beam pattern in vertical plane and beam patterns in
other planes.

There are amethods of reducing the minor lobe& 30 decibles or more
below the main lobe. However, these methods cause a widening of
the beam rattern which x•y lower the directivity index more than
high minor lobes do. A Cood compromise is reached when the minor
lobes are reduced a little over 20 decibels below the rain lobe.
Receiving beam width can be decreased by permitting the two sections
of a split projector to overlap. This overlap closes the distance
between the centers and thereby decreases the deflection sensitivity.

SBECRIT



However, in order to rarrow the beam by some 30%, and to suppress
to minor lobes to 20 db down some macrifice in deflection sensi-
tivity is worth-while, particularly since it can be restored by
means of a piase difference expander. Experience ham shown tiat
Interference, probably from surface reflected echoes, is most
serious in the vertical plane. Consequently, the beam pattern in
this plane should be sharper and should have suppressed minor lobes
even if optimum design in other planes is thereby rendered impossible.

3. A proposed design of projector which appears to be the best
compromise between the factors involved for SSI is shown in Plate 5.
This is a four-section design capable of combination to give a right
and left pair of sections and simultaneously a top and bottom pair
of sections. The right and left sections are synmetrioal relative
to vertical axes through their centers: the top and bottom sections
are symnetrical relative to horizontal axes through their centers.

4. Plate 6 showts the theoretical receivJng beam pattern in a
vertical plane of a projector split into halves and also tiat of
the proposed design. The narrowing of the beam, and the reduction
of the .iunor lobes in the latter nay be notod.
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UNITED STATES GOVERNMENT

memorandum
7103/106

DATE: 30 September1996

FROM: Burton G. Hurdle (Code 7103)

SUBJECTM REVIEW OF REF. (a) FOR DECLASSIFICATION

TO: Code 1221.1

VIA: Code 7100 11)-1"'
REF: (a) NRL Confidential Report #S-2631 by H.L. Saxton, August 1945 (U)

(b) DoD Dir. 5200.9

1. Reference (a) is a report on the theory, development and testing of the Sector
Scan Indicator, a SONAR instrument that displays the range and bearing of an
acoustic return within the beam of a directive transducer.

2. The science and technology of this report is currently well known in underwater
acoustics.

3. Reference (a) was declassified by reference (b).

4. Based on the above, it is recommended that reference (a) be released with no
restrictions.

BURTON G.HURDLE
Acoustics Division

CONCUR:

EDWARD R. FRANCHI Date
Superintendent
Acoustics Division

OPTIONAL FORM NO. 19
(REV). 1-60)
GSA FPMR(41 CFR) 101-11.6
5010-114


